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ABSTRACT 

We investigate the properties of photometrically-selected compact groups (CGs) 
in the Sloan Digital Sky Survey. In this paper, the fourth in a series, we focus on 
understanding the characteristics of our observed CG sample with particular atten- 
tion paid to quantifying and removing contamination from projected foreground or 
background galaxies. Based on a simple comparison of pairwise redshift likelihoods, 
we find that approximately half of compact groups in the parent sample contain one or 
more projected (interloping) members; our final clean sample contains 4566 galaxies 
in 1086 compact groups. We show that half of the remaining CGs are associated with 
rich groups (or clusters), i.e. they are embedded sub-structure. The other half have 
spatial distributions and number-density profiles consistent with the interpretation 
that they are either independently distributed structures within the field (i.e. they 
are isolated) or associated with relatively poor structures. Comparisons of late- type 
and red-sequence fractions in radial annuli show that galaxies around apparently iso- 
lated compact groups resemble the field population by 300 to 500 kpc from the group 
centre. In contrast, the galaxy population surrounding embedded compact groups ap- 
pears to remain distinct from the field out beyond 1 to 2 Mpc, consistent with results 
for rich groups. We take this as additional evidence that the observed distinction be- 
tween compact groups, i.e. isolated vs. embedded, is a separation between different 
host environments. 

Key words: galaxies: evolution - galaxies: interactions - galaxies: structure - galax- 
ies: photometry 



1 INTRODUCTION 

Galaxies' properties are strongly coupled to the characteris- 
tics of their surroundings. The phenomenological distinction 
between galaxies in high- and low-density environments was 
established through the discovery of a morphology-density 
relation (Dressier 1980 Postman & Gelled! 19841) , and has 



since been expanded to incorporate observations showing 
that galaxies' stellar masses, star- formation rates, mean stel- 
lar ages and colours all depend on their surrounding local 
density (e.g |Goto et al.|2003||Kauffmann et al.|2004||Balogh| 



et al.|[2004] |Blanton et al.||2005| |Cooper et al.||2008| |Bam 



ford et al.|2009 Skibba et al.|2009 and references therein). 
Despite a wealth of observational evidence, however, the 
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scale(s) at which environment dominates the formation and 
evolution of galaxies remains unclear. 

Disentangling the relative influence of local and large- 
scale environment relies on understanding the physical pro- 
cesses that can drive galaxy evolution. In rich groups, both 
galaxy-galaxy interactions - e.g. mergers (e.g. |Toomre fc| 
Toomre|[i"972] |McIntosh et al.||2008[), tidal interactions and 



harassment (e.g Farouki & Shapiro 1981 Moore et al.|1996 1 
- and galaxy-environment interactions - e.g. ram-pressure 
and viscous stripping ( |Gunn fc Gott]|1972| |Nulsen|[l982| - 
are effective at altering observed properties of the galaxy 
population, and therefore separating out the particular in- 
fluence of local or global environment is difficult. In contrast, 
the comparatively low encounter velocities and intra-cluster 
medium densities found in poor groups favour galaxy-galaxy 
interactions as the dominant pathway for galaxy evolution 
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in these environments. Study of these systems therefore pro- 
vides a means of separating out local and global environmen- 
tal influences. 

Compact groups of galaxies (CGs) represent a class of 
poor groups characterised by both their small number of 
members and compact angular configurations ( |Rose|[l977| 
Hickson||1982 1. The high densities and low velocity disper- 
sions observed for many CGs ( |Hickson et al.|1992|[Ramella| 
et al.||l994[ ) suggest that tidal interactions and mergers 
should dominate the evolution of galaxies there, making 
them ideal for the study of these processes. Initial numeri- 
cal investigations into the evolution of compact groups sug- 
gested that these systems should be short lived, coalescing 
into a single galaxy over ~Gyr timescales ( Barnes 1985 Di- 
aferio et al.|1994| ). Reconciling this 'fast merger' model with 
observed CG number densities requires an equally rapid for- 
mation of new CGs to replenish those lost in the merging 
process ( |Diaferio et al.|1994| ), or the constant feeding of CGs 
by their surrounding environments ( Governato et al.|1996 |. 
Alternatively some simulations show that, given particular 
dynamical configurations, CGs can survive for several Gyrs 
before merging I Governato et al7||1991 Athanassoula et al 
19971; however, it seems likely that CGs are a natural out- 



Survey, extracting a catalogue of 89 compact systems with 



come of the dynamical evolution of initially loose systems 
(e.g. |Aceves fc Velazquezl|2002 ) . 

Observational studies of compact group galaxies sup- 
port the hypothesis that interactions and mergers play a 
significant role in their evolution, finding that between 40 
and 60 per cent show evidence of disturbed photometric or 
kinematic profiles (e.g. Mendes de Oliveira fe Hickson|1994 



Coziol fc Plauchu-Frayn|2007 1 as well as nuclear (AGN) ac- 
tivity and star formation (e. g. |Coziol et aL] j2004 Martinez 



et al. 20081. Diaferio et al. (19941 argue that the constant 



replenishment of CGs must occur in loose groups, as these 
environments are favourable to the formation of compact 
systems on relatively short timescales. This embedded for- 
mation scenario is supported, at least in part, by observa- 
tional studies showing that ~50 to 70 per cent of compact 



groups are coincident with other structures (Rood & Stru- 
ble| 1994| |Barton et al.(T998l|Coziol et al.|2004||de Carvalho 



et al. 



2005 



|Andernach fc Coziol|2007[ but see also IPalumbol 



et al. 1995 1. A connection between CGs and larger, rich sys- 
tems is further supported by a comparison of CG and cluster 
galaxy populations, which are found to be similar both in 



terms of morphological mix ( |Hickson|19"82l |Zepf et al 



Lee et al.|2004 \ and stellar populations ( Proctor et al. 
de la Rosa et al.|2007[ ) 



1991 



2004 



It seems clear that further understanding of the com- 
pact group environment can best be gained from the study 
of large samples of CGs; however, the relatively low space 
density of these systems dictates that large survey volumes 
are required to obtain statistically meaningful samples. The 
best known and most well studied catalogue of CGs is that of 



Hickson ( 1982 1, containing 100 groups (HCGs) selected from 
the Palomar Observatory Sky Survey (POSS). Subsequent 
large catalogues of CGs have been published using the Dig- 
itized Second Palomar Observatory Sky Survey (DPOSS-II; 
Iovino et al.||2003| |de Carvalho et aLpioB) , CfA Redshift 



Survey (Barton et al. 19961) and Sloan Digital Sky Survey 



(SDSS; Lee et al. 2004| |McConnachie et al. 


20091. Barton 


et al.| (11996 


I use a friends-of-friends algorit 
to select CGs from within the 


im (|Huchra & 


Geller |1982 


CfA Redshift 



3 or more redshift-confirmed members. Iovino et al. (2003) 



and do Carvalho et al. (2005) used a modified version of 



the Hickson ( 1982 \ selection criteria to identify a total of 
459 CGs from ~6260 deg 2 of DPOSS-II imaging. |Lee et al. 



(|2004j) adopt the selection criteria of |Iovino et al. 



(2003) to 



identify CGs from the SDSS Early Data Release catalogues, 
identifying 175 CGs over 153 deg 2 of imaging. 

In this series of papers we focus on a joint observational 
and theoretical analysis of compact groups, the ultimate aim 
of which is to highlight the role of CGs in galaxy evolution. 
In McConnachie et al. (2008 hereafter Paper I), we used 



a mock galaxy catalogue from the Millennium Simulation 
( Springel et al.|2005|[E>e Lucia fc Blaizot|200"7] to study the 
spatial properties of compact groups. This analysis showed 
that a relatively low fraction, ~30 per cent, of photomet- 
rically identified CGs are genuinely compact in three di- 
mensions while the remaining ~70 per cent are partially or 
entirely comprised of interloping galaxies. In Brasseur et al. 
( |2009| hereafter Paper II), we used our mock catalogue to 
show that these interloping galaxies are predicted to be both 
bluer and more heavily star forming than populations of 
genuine CG galaxies, suggesting that careful accounting of 
interlopers is key to understanding galaxy evolution in the 
compact group environment. Taken together, Papers I and 
II highlight the heterogeneous nature of compact groups se- 
lected using purely photometric criteria. 



In McConnachie et al. (2009 hereafter Paper III) we 
adopt the selection criteria outlined by Hickson ( 1982 1 
to identify 2297 CGs from 8417 deg 2 of imaging in the 
SDSS Data Release 6. This sample represents the largest 
homogeneously-selected catalogue of CGs currently avail- 
able, and serves as the basis for the present work. We de- 
scribe the sample in greater detail in Section[2] with particu- 
lar attention paid to the removal of projected (false) groups. 
In Section [3] we examine the spatial relationship between 
compact groups and other structures in the SDSS. This spa- 
tial comparison leads us to identify a sub-sample of com- 
pact groups that are clearly associated with observed large- 
scale structure, both in terms of projected separations and 
surrounding galaxy number-density. In Sections [4] and [5] we 
show that separating compact groups based on their proxim- 
ity to observed large-scale structure results in two samples 
with differing photometric and morphological properties. 
Throughout this paper we adopt a concordance cosmology 
with Oa = 0.7, Q M = 0.3 and H = 70 h 7 o km s _1 Mpc~\ 



2 DATA 

In Paper III we describe the photometric selection of com- 



pact groups from the SDSS Data Release 6 (Adelman- 
|McCarthy et al.|2008| , which included imaging of the entire 
SDSS-II Legacy Survey area. Since that paper, SDSS Data 



Release 7 (DR7; Abazajian et al. 2009 I has provided an addi- 
tional ~1200 deg of spectroscopic data, completing spectro- 
scopic observations of the SDSS-II Legacy Survey footprint. 
In what follows we use galaxy catalogues drawn from SDSS 
DR7 and, where available, supplement the CG samples in 
Paper III with updated spectroscopic information. 
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2.1 Galaxy sample 

Much of our analysis relies on the use of volume-limited sam- 
ples to trace the characteristics of galaxies in and around 
compact groups. The parent catalogue for these samples in- 
cludes all primary photometric objects in DR7 identified as 
galaxies by the SDSS PHOTO pipeline (photoObj .type = 3) 
with extinction-corrected r-band Petrosian magnitudes in 
the range 14.5 < m r < 18.0. These limits are chosen to 
match the selection criteria of the compact group catalogue 
described in Paper III (see Section [2.2[ ). We further remove 
objects flagged either DEBLENDED_AS_PSF or SATURATED to 
eliminate unresolved and saturated objects from the sam- 
ple. 

Although spectroscopic information for compact group 
galaxies is limited by fibre collisions at small angular sep- 
aration, our analysis still benefits from the inclusion of ac- 
curate redshift information where available. We select spec- 
troscopic targets from the photometric sample by requir- 
ing that objects have a unique, science-worthy spectrum 
(specPhoto . sciencePrimary = 1) and a redshift confidence 
greater than 70 per cent (specPhoto . zConf > 0.7). The re- 
sulting sample contains 1 116 866 galaxies, 691 163 of which 
have spectroscopic information available. 

Simard et al. ( 2011[) provide an updated catalogue of 



SDSS photometry for galaxies in DR7, which we adopt 
throughout this study. Briefly, Simard ct al. fit several differ- 
ent photometric models of varying complexity to the SDSS 



using GIm2d ( Simard et al. 2002 1, from which we adopt their 
de Vaucouleurs bulge (Sersic n = 4) plus exponential disk 
(Sersic n = 1) fits. These PSF-convolved model decomposi- 
tions are performed simultaneously in the g- and r-bands us- 
ing re-estimated sky background levels and object deblend- 
ing. Extinction corrected rest-frame quantities for the best- 
fit models are computed at z — using K-CORRECT v4_2 
(Blanton & Rowcis 2007). We adopt these catalogues prefer- 
entially over SDSS photometry for the remainder of this pa- 
per based on their improved reliability at small angular sep- 
arations (see |Simard et al.|[2011| |Patton et al.|[20lT| ) , which 
is critical to the study of galaxy properties in high-density 
environments. 



2.2 Compact groups 

In Paper III we describe the selection of two CG cat- 
alogues, A and B, defined on flux-limited samples with 
extinction-corrected r-band Petrosian magnitudes in the 
range 14.5 < m r < 18.0 and 14.5 < m r < 21.0, respectively. 
In this work we adopt Catalogue A, which contains a total 
of 9713 galaxies in 2297 compact groups. Briefly, CGs 
within the flux-limited sample were selected following the 



criteria outlined by Hickson (19821, such that identified 
groups satisfy 

(i) TV > 4, 

(ii) e N > 30 G , 

(iii) fie < 26.0 mag arcsec -2 , 

where TV is the number of galaxies within 3 mag of the 
brightest galaxy, no is the total magnitude of these TV galax- 
ies averaged over the minimum circle of angular diameter 0q 
which contains their geometric centres and 9m is the maxi- 



mum (concentric) angular diameter of a circle containing no 
other galaxies within the group magnitude range or brighter. 
Taken together, criterion (i) selects groups of galaxies, while 
criteria (ii) and (iii) ensure that these groups are sufficiently 
compact and isolated so as to exclude cluster cores. As a final 
step, all groups in Catalogue A were visually inspected, and 
any galaxy associations identified as a result of gross pho- 
tometric error or misclassification (e.g. stellar sources, see 
figure 1 of Paper III) were removed from the final sample. 



2.2.1 Interloper removal 

There is known to be a high incidence of interloping galax- 
ies in photometrically-identified catalogues of poor groups; 
estimates of the contamination rate - the fraction of chance 
projections relative to the total number of catalogued groups 
- range from ~30 to 80 per cent depending on classifica- 



tion method and survey magnitude limits (see e.g. Ramella 



|et al.|1997||Niemi et al.|2007||Dlaz-Gimenez fc Mamon^ulO 
Paper I). In Paper III we use the available (DR6) spectro- 
scopic redshifts to demonstrate that the contamination rate 
for groups in Catalogue A is at least 55 per cent, in agree- 
ment with predictions based on semi-analytic models (e.g. 
figure 7 of Paper III; Paper I). Given our aim of understand- 
ing the properties of compact groups, it is crucial that we 
attempt to account for these contaminants in our CG cata- 
logue. 

Physical limitations on the placement of SDSS fibres 
prohibit the observation of significant numbers of CG mem- 
bers on a single spectroscopic plate; the minimum SDSS fibre 
separation of 55" is of order half the median angular diame- 
ter 0q of groups in Catalogue A. Consequently the fraction 
of Catalogue A galaxies with spectra, and hence secure red- 
shifts, is only ~50 per cent (increased from ~43 per cent in 
Paper III with the inclusion of additional spectroscopy from 
DR7). For the remaining 50 per cent of galaxies we adopt 
photometric redshifts estimated by the SDSS pipeline. Ow- 
ing to the significant uncertainty of photometric redshifts 
relative to the maximum exp ected line-of-sight separation 
of CG galaxies (~1000 km s^ lRamella et al. 1994 Hicksor 
p97] it is difficult to explicitly confirm the physical associ- 
ation of a given CG; however, in many cases we can reliably 
reject systems with discordant spectroscopic or photometric 
redshifts. 

Our methodology is as follows. For each putative CG 
we compute the pairwise likelihood that two galaxies within 
the group have a velocity separation of 1000 km s _1 or less, 
e.g. for a group of four members there are six such pairwise 
likelihoods. We compute the velocity separation likelihood of 
a given pair assuming Gaussian error distributions for both 
spectroscopic and photometric redshifts, and consider as un- 
likely any group whose least-bound pair has an integrated 
likelihood C < 0.0027 between ±1000 km s~\ corresponding 
to a rejection of our velocity separation criteria at greater 
than 3<t significance. For groups with exactly four members 
the rejection of a single galaxy pairing is sufficient to remove 
the group from our final CG sample as it fails to meet the 
CG richness criterion discussed above. In groups with more 
than four members, we remove the galaxy that results in 
the highest minimum pairwise likelihood among remaining 
group members. This removal process is iterated until the 
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N = 1 


Number of photo-zs 
JV = 2 JV = 3 


JV = 4 


Initial number of groups 


452 


777 388 


98 






£ > 0.0027 




Number of 'clean' groups 
Estimated false positive rate 
Estimated false negative rate 


163 
7.2% 
1.3% 


363 256 
18.7% 43.9% 
2.5% 3.8% 


64 
59.7% 
2.5% 






£ > 0.01 




Number of 'clean' groups 
Estimated false positive rate 
Estimated false negative rate 


155 
6.4% 
4.4% 


340 220 
15.6% 34.2% 
7.9% 10.6% 


57 
42.1% 
5.0% 






£ > 0.03 




Number of 'clean' groups 
Estimated false positive rate 
Estimated false negative rate 


147 
5.3% 
9.4% 


289 161 
12.0% 21.5% 
18.3% 26.9% 


47 
27.2% 
25.0% 






£ > 0.05 




Number of 'clean' groups 
Estimated false positive rate 
Estimated false negative rate 


135 
4.4% 
21.9% 


238 121 
8.5% 13.2% 
40.0% 53.8% 


36 
14.0% 
53.0% 



Table 1. Contamination estimates for 4 member compact groups. 
Columns show the number of 4 member groups remaining in the 
cleaned sample separated by the number of photometric redshifts 
they contain for different cuts in pairwise redshift likelihood. 




O 0.2 0.4 0.6 0.8 

Parent sample contamination 



Figure 1. Characteristics of the sample cleaning procedure. Solid 
lines show the output sample contamination for a given input con- 
tamination fraction estimated using mix of observed photometric 
and spectroscopic redshifts in conjunction with the false posi- 
tive and negative rates show in Table [TJ Dashed lines show the 
estimated fraction of genuine groups remaining after interloper 
removal - i.e. completeness — accounting for false negatives in the 
interloper removal process. Black, red, green and blue lines (top to 
bottom) correspond to different pairwise redshift likelihood cuts 
of C = 0.0027, 0.01, 0.03 and 0.05 as described in Section [27277] 

minimum pairwise likelihood is greater than 0.0027 or the 
number of remaining CG members falls below four. 

We gauge the reliability of this removal process us- 
ing the subset of 154 four-member CGs where all members 
have spectroscopic redshifts available - hereafter referred 
to as spectroscopic groups. Four-member groups make up 
the majority (83 per cent) of the Catalogue A sample, and 
we choose to focus on these CGs for our reliability esti- 
mates as the presence of a single interloping galaxy removes 




21 22 23 24 25 26 

uq [mag arcsec -2 ] 



Figure 2. Top panel: Distribution of compact group angular 
sizes, 9q, for the initial Catalogue A (shaded histogram) and the 
final sample after removal of likely interlopers (open histogram, 
see Section [2.2.1| . Groups with the largest apparent angular sizes 
are preferentially removed as being chance projections. Bottom 
panel: Distribution of group surface brightnesses, fiQ, before and 
after interloper removal. Shading is the same as above. 

these systems from our final sample, allowing for a straight- 
forward interpretation of the contamination rate. For each 
spectroscopic group we first assess the likelihood of it being 
a genuine association following the probabilistic procedure 
described above. Given the small redshift error relative to 
our expected velocity spread of 1000 km s (the median 
spectroscopic redshift error for the CG sample corresponds 
to cAz fa 50 km s _1 ) this measurement is unambiguous 
for the majority of groups. Using this initial likelihood to 
separate genuine and projected groups, we then randomly 
replace some number of group members' spectroscopic red- 
shifts with their corresponding photometric redshifts and re- 
compute the distribution of pairwise likelihoods. In this way 
we can estimate the probability that a genuine group will be 
rejected by our interloper removal scheme (false negative), 
or alternatively that a projected 'group' will be wrongly ac- 
cepted (false positive), given some arbitrary mix of spec- 
troscopic and photometric redshifts. We also recompute the 
CG catalogue using several different redshift likelihood cuts 
to assess the robustness of our adopted limits. The results 
of this comparison are summarised in Table [TJ 

In general, our relatively tolerant likelihood require- 
ments mean that we reject a minimum of genuine groups 
while still removing at least 40 per cent of spurious asso- 
ciations, even when no galaxies in the group have spectro- 
scopic redshifts available. We can translate the results in 
Table [TJ into an estimate of the remaining contamination 
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0.15 




groups with a median redshift z = 0.09. A table of cleaned 
CGs and listing of their individual galaxies is provided in 
Appendix |A| and available online. 



0.05 



0.10 0.15 

z 



0.20 



0.25 



Figure 3. Distribution of compact group galaxy redshifts for 
the input catalogue from Paper III (shaded histogram) and the 
cleaned CG sample (open histogram). Chance superpositions are 
found to preferentially occupy the low probability tails of the 
redshift distribution at high and low z. 



in the 'cleaned' CG sample assuming a value for the inher- 
ent Catalogue A contamination rate. We show in Figure [I] 
the predicted properties of the cleaned sample for a range 
of input contamination rates from 20 to 80 per cent. As- 
suming an input catalogue contamination of 70 to 75 per 
cent (Paper III) and our adopted likelihood limit of 0.0027, 
we estimate that as much as 35 to 40 per cent contamina- 
tion may remain, comparable to that expected from using 
a surface-brightness cut of fiG < 24 mag arcsec -2 (Paper 
III). Although more stringent pairwise likelihood cuts can 
be used to further decrease the sample contamination (down 
to ~20 per cent using a cut of C > 0.05), more stringent cuts 
exact an increasingly heavy toll on the remaining fraction of 
genuine groups. We therefore adopt a sample selected using 
a relatively loose cut of C > 0.0027 for the remainder of the 
paper to maximise the final group sample, but we will re- 
visit the potential influence of the remaining interlopers in 
Section [5] 

All told, the procedure described above removes 1211 
groups from Catalogue A, resulting in a final sample of 1086 
CGs. In Figure [2] we show a comparison of group angular 
size and surface brightness before and after removal of inter- 
loping groups. As expected, we find that projected systems 
have preferentially larger sizes and lower surface brightnesses 
than associations that are more likely to be genuine CGs 
(e.g. |Dfaz-Gimenez fc Mamon|[2010| Paper I). In Figure [3] 
we show the comparison of CG galaxy redshifts before and 
after the interloper removal process. Rejection of interlop- 
ing galaxies preferentially removes galaxies from the low- 
probability tails of the redshift distribution at both high- 
arid low- z. 

Although we identify CGs over the entire SDSS Legacy 
Survey footprint, we exclude here the three isolated stripes 
in the Southern Galactic Cap (stripes 76, 82 and 86) and a 
small isolated area in the Northern Galactic Cap (stripes 
42, 43 and 44) to match the selection of our rich group 
sample (see below) and limit potential edge effects in our 
radial analyses. We additionally impose a redshift cut of 
0.01 < z cg < 0.14 to match the limits of our rich group cat- 
alogue, described below. The redshift and spatial cuts de- 
scribed above, as well as our removal of projected systems, 
results in a final sample of 3455 galaxies in 819 compact 



2.3 Rich 



groups from Tag o et al.||20To] 



Much of our analysis relies upon the comparison of CG envi- 
ronments with those of other, known structures in the SDSS. 
We adopt for this purpose the flux-limited group catalogue 
published by |Tago et al. (2010 hereafter T10) , which uses 
as its input the SDSS spectroscopic main galaxy sample. 
T10 identify groups in the contiguous region of the SDSS 
Northern Galactic Cap through application of a friends- 



of-friends algorithm (FoF; Huchra & Geller 1982 1 which, 
starting from individual galaxies, 'grows' groups through 
the inclusion of additional galaxies satisfying pre-determined 
projected and velocity separation criteria (linking lengths). 
T10 use a redshift-dependent linking length tuned to re- 
cover artificially-redshifted rich groups, and show that with 
this approach they reliably identify these mock groups up 
to z ~ 0.14, above which their catalogue is likely to become 
increasingly inhomogeneous. We therefore adopt a redshift 
range of 0.01 < z < 0.14 throughout for both our group and 
CG samples, where the lower redshift limit is imposed to 
avoid galaxies in the Local Supercluster. 

The FoF algorithm identifies any and all 'bound' groups 
(and clusters) down to a limiting richness of N = 2. Our 
interest in adopting the T10 group catalogue as a compari- 
son sample comes from the desire to compare the properties 
of CGs with more massive structures; as a number of our 
groups contain 2-3 spectroscopic redshifts, it makes sense 
to exclude these poor systems from the T10 catalogue. We 
therefore limit the adopted T10 groups to a richness TV > 4. 
The remaining sample contains 15 361 groups, which we will 
hereafter refer to as rich groups for brevity, but which in- 
cludes structures up to the cluster scale. 

As is the case with any flux-limited galaxy sample, it be- 
comes difficult to reliably select groups as redshift increases 
and the range of observed absolute magnitude falls. In par- 
ticular, the flux-limited nature of the input SDSS catalogue 
dictates that the spatial number-density of groups will de- 
crease with increasing redshift independent of astrophysical 
effects relating to the growth of structure (cf. figures 2 and 
6 of |Tago et aL|2010| >, and we must therefore exercise care 
in interpreting the comparison of CGs and rich groups. 



2.3.1 Assessing incompleteness in the T10 catalogue 

We are interested in comparing the relative spatial distribu- 
tions of CGs and rich groups; however before doing so it is 
useful to consider how structural incompleteness can enter 
in to the T10 catalogue. In instances where only a single 
spectroscopic redshift exists for a group member - due to, 
for example, limitations in the SDSS fibre placement or the 
flux limit of the parent sample - that galaxy will be iden- 
tified as isolated by the FoF algorithm. Alternatively, if the 
typical galaxy-galaxy separation in a given group exceeds 
the adopted FoF linking length criteria, group members will 
be incorrectly identified as isolated. 

The latter point, that galaxy separations exceed the 
adopted linking lengths, is beyond the scope of this paper to 
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assess. The former, however, can be understood by consid- 
ering the properties of galaxy samples which include both 
spectroscopic and photometric targets (as opposed to the 
purely spectroscopic sample used by T10); we adopt a rela- 
tively simple approach to estimate the contribution from this 
type of incompleteness. For each group in the T10 catalogue, 
we compute what will hereafter referred to as the minimum 
photometric richness, n mm , which we define as the number of 
galaxies within a linking volume (that is, the volume defined 
by the radial and transverse linking length criteria at a given 
redshift) about the group centre. We use as the catalogue 
for this measurement the parent photometric catalogue de- 
scribed in Section [2]- i.e. the 1116 866 galaxies satisfying 
our adopted magnitude limits and quality criteria. For com- 
parison, we also measure the minimum photometric richness 
about isolated galaxies in the T10 sample (i.e. those galaxies 
that are not found to have nearby spectroscopic neighbours 
by T10). For any group or galaxy, n m i n therefore carries in- 
formation about the scale of the group that could have been 
found given perfect spectroscopic completeness. 

T10 adopt a minimum transverse linking length, LL p o, 
of ~357 hj kpc at their minimum redshift (z = 0.009), 
which scales as 1 + arctan(Az/0.05). The ratio between 
transverse and radial linking lengths (LL r o/LL p o) is 10 
(consistent with previous implementations of FoF group 
finders, e.g., |Eke et al.||2004 l, such that with the mini- 



mum projected linking criterion of 357 h? kpc, LL r 
250 km s -1 . In Figure [4] we plot the distribution of n m j„ 
for rich groups (black histogram) and isolated galaxies (red 
histogram). Note that we do not account for multiplicity of 
"-min in the isolated galaxy sample, i.e. n m i n represents the 
minimum photometric richness for each galaxy, as opposed 
to each structure as it does for the rich groups. The distribu- 
tion of n m i n for 'isolated' galaxies suggests that the majority 
(~90 per cent) are genuinely isolated given the adopted flux 
limit (i.e. m r < 18), and we therefore do not expect this 
type of incompleteness to significantly effect our results. If 
we consider structures above our adopted richness limit of 



4 (Section 2.3 1, spectroscopic incompleteness contributes at 
less than the 1 per cent level. 



3 THE GLOBAL ENVIRONMENTS OF 
COMPACT GROUPS 

We are interested in understanding not only the galaxy con- 
tent of compact groups but the environments in which they 
are found. In this section, we aim to address both the spatial 
distribution of CGs relative to other large-scale structures, 
as well as the physical reality of groups in the cleaned Cat- 
alogue A. 



3.1 Physical proximity to large-scale structure 

Structure formation in a ACDM cosmology occurs preferen- 
tially in regions of high density, and it may therefore be ex- 
pected that CGs are closely related to other collapsed struc- 
tures. Previous studies of CGs have assessed their spatial 
coincidence following visual examination or cross-correlation 
with other catalogues of large-scale structures. The environ- 
ments of CGs in the|Hickson| (|1982[ ) catalogue have been as- 
sessed by|Ramella et al.|(|1994[) and|Rood fc Struble|(|1994[), 




Figure 4. Distributions of minimum photometric richness, n m i n 
(see Section |2.3.1| , for 'isolated' galaxies and groups in the T10 
catalogue. Solid (black) and dashed (red) histograms show the 
distributions for groups and isolated galaxies, respectively. The 
dotted (black) histogram shows the distribution of total group 
(spectroscopic) richness quoted by |Tago et al.| ( |2010| ) . 



both of whom find that ~70 per cent of HCGs are coinci- 
dent with loose groups and clusters; similar conclusions are 



reached by Andernach & Coziol (20051. de Carvalho et al 
( [20051 ) use their significantly larger sample of 459 CGs to 
show that ~66 per cent of their groups have at least one 
other catalogued structure nearby, the majority of which 
are clusters or loose groups (97 per cent). In Paper I we 
adopt a theoretical approach to the analysis of CG environ- 
ments, classifying compact associations (CAs) selected from 
the semi-analytic models of |De Lucia fc Blaizot (2007) based 
on their occupation of dark matter haloes. In that work, 
we show that approximately half of CAs are found occupy- 
ing a single dark matter halo containing few (if any) other 
galaxies; remaining CAs are either found occupying single 
haloes with multiple other galaxies or are spread across sev- 
eral haloes. 

In our observational sample of CGs, we compute the 
projected separation to the nearest rich group using a fixed 
redshift interval about the CG centre of Az — 0.02 to remove 
distant foreground or background rich groups. The results of 
this calculation are shown Figure [5] where the distribution 
of rich group-CG separations is shown in red. Relative to 
the inter-group separations of rich groups (black histogram 
in Figure |5J, the rich group-CG distribution shows a clear 
bimodal structure. Approximately half of CGs are found 
within 1 Mpc of the nearest rich group, while the remaining 
CGs are consistent with the distribution of inter-group sepa- 
rations found from the autocorrelation of the T10 catalogue. 
The fraction of CGs we find in close proximity to large-scale 
structure is consistent with that found by |de Carvalho et al.| 
(2005) for their sample of CGs, and in excellent agreement 
with our theoretical results from Paper I. As discussed in 
Section ^. 3. 1| the T10 catalogue appears to be complete over 
the richness range we consider here (i.e. N > 4), however we 
cannot rule out that genuinely rich systems are absent from 
the catalogue of rich groups due to its flux-limited nature. 
This effect not withstanding, our results suggest a signifi- 
cant relationship between CGs and rich groups, in that at 
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Figure 5. Distribution of rich group— CG (red line) and rich 
group-rich group (black line) projected separations. Projected 
separations are given to the nearest rich group within Az = 0.02. 
The distribution of rich group-CG separations is found to be 
bimodal, suggesting that CGs can be separated into those resid- 
ing within the halo of a rich group (left peak) and those more 
likely associated with structures of comparable richness to the 
CGs themselves (right peak); the vertical dashed line shows our 
adopted division between these two CG populations. 



least half of our CG sample is associated with the richest 10 
per cent of structure in the T10 catalogue (see F igure |4|) 



The halo model of galaxy clustering (e.g. Cooray & 
Sheth 2002 and references therein) generally used to in- 
terpret the galaxy autocorrelation function provides a nat- 
ural framework within which to understand the apparent 
dichotomy of compact group spatial distributions observed 
in Figure [5] In this picture, CGs within ~1 Mpc of the near- 
est rich group are embedded within that structure's dark- 
matter halo; their distribution therefore can be understood 
as reflecting projected distribution of substructure within 
these systems. At wide separations, greater than ~1 Mpc, 
the distribution of CG-group separations reflects the over- 
all clustering properties of large-scale structure, the so-called 
halo-halo term in the halo model framework. Following the 
discussion in Section |2.3[ our adoption of a richness cut in 
selecting our rich group comparison sample means the the 
wide-separation distribution of CGs likely reflects the spatial 
clustering of poor structures or the CGs themselves. We use 
a simple cut of 1 Mpc to differentiate between groups that 
appear to be hosted within a larger rich group halo - here- 
after referred to as embedded CGs - and those whose spatial 
distribution is consistent with that of other distinct physi- 
cal systems - hereafter isolated CGs. This division leads to 
samples of 413 and 406 isolated and embedded groups con- 
taining 1729 and 1726 galaxies, respectively. 

3.2 Galaxy surface number density 

The number-density profiles of groups and clusters are ob- 
served to be well described by exponential profiles ( |Carl-| 
berg et al.|1997 Biviano fc Girardi|2003 1 , in agreement with 
predictions for hierarchical structure formation in a ACDM 
cosmogony ( pubinski fc Carlberg|199l)|Navarro et al.|1995[ 
1996 19971. Studying the number-density profiles of com- 



pact groups therefore provides a relatively straight-forward 
way to assess the physical reality of our distinction between 
embedded and isolated systems. Unfortunately, our adopted 
rich and compact group catalogues are defined in very dif- 
ferent ways; In Paper III we use purely photometric criteria 
while the FoF approach of T10 limits their groups to spec- 
troscopically identified associations. 

We attempt to standardise our measurements of galaxy 
number density by adopting only the rich group or CG cen- 
tres (a, 8, z) and using galaxies in our photometric catalogue 
to derive galaxy number-density counts in a homogeneous 
fashion. In order to account for the redshift-dependent lu- 
minosity limit of our SDSS sample we compute several re- 
alisations of number density, each using a different volume- 
limited tracer population. The results of these measurements 
are shown in Figure [6] where the three panels correspond 
to different volume-limited samples with properties as indi- 
cated in the upper right of each panel. We measure galaxy 
number densities in annuli about the CG or rich group cen- 
tres, and adopt a fixed line-of-sight binning of ±40 Mpc in 
order to exclude galaxies outside of the CG or rich group 
halo. In addition to the number-density distribution in the 
volume surrounding CGs and rich groups, we compute a 
comparison 'field' sample using 10 000 randomly-generated 
positions within the survey volume, measuring number den- 
sity in annuli about these field 'centres' in the same way as 
for our CG and rich group samples. The resulting median 
field density is shown as a grey dotted line in Figure [6] 

The comparison of number-density distributions in Fig- 
ure[6]leads us to two important conclusions. First, both iso- 
lated and embedded CGs (solid and dashed lines, respec- 
tively) are characterised by high central number densities, 
reflecting the explicit selection of high-density systems by 
the Hickson criteria outlined in Section [2. 2| Second, the di- 
vision between isolated and embedded CGs does not appear 
to be the result of incompleteness in the T10 catalogue; the 
number-density profile outside the core of isolated CGs - 
projected separations >200 kpc - falls off more quickly than 
either that of rich groups (dot-dashed line in Figure[6| or em- 
bedded CGs even when using our volume-limited (i.e. com- 
plete) photometric samples. 

The spatial correlation of embedded CGs and rich 
groups suggests that the number-density profile of embedded 
CGs should be influenced by their rich group surroundings. 
It is therefore interesting to investigate the extent to which 
embedded CG density profiles can be accounted for entirely 
by their association with rich hosts. We estimate this using 
Monte Carlo realisations of the embedded CG spatial dis- 
tribution. For each realisation, we randomly select n = 406 
rich groups - where n corresponds to the number of em- 
bedded CGs - and randomly generate positions about these 
rich groups such that the resulting distribution of projected 
separations matches the observed distribution of rich group- 
embedded CG separations (i.e. the distribution of projected 
separations less than 1 Mpc in Figure pi). We then compute 
the number density profiles about these randomly generated 
positions in annular bins as before, and the shaded regions in 
Figure [6] shows the range of number densities obtained from 
1000 realisations of the data. In all three volume-limited 
samples, the number-density profile outside of the embedded 
CG core (projected separations >200 kpc) can be accounted 
for based solely on their relative proximity to rich groups, 
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Figure 6. Median galaxy surface number density as a function of 
projected separation from group or CG centre. Dot-dashed and 
dotted grey lines represent the number density profile of T10 
groups and 'field' values measured as described in Section |3.2| 
while solid (red) and dashed (black) lines represent the number- 
density profiles of isolated and embedded CGs, respectively. Grey 
shaded regions represent the range of number densities expected 
for embedded CGs based solely on their distribution of projected 
separations from the centres of rich groups (see Section |3.2| for 
details). Data are divided such that there are 4 bins per decade 
in projected separation and Poisson error bars are shown. 



supporting our interpretation of these CGs as substructure 
hosted within a larger rich group environment. 



4 GALAXY PROPERTIES IN COMPACT 
GROUP SURROUNDINGS 

The distinction between isolated and embedded CGs is 
rooted in their surrounding environments. It is therefore in- 
teresting to ask if the galaxy populations in and around 
these systems support our interpretation of embedded and 
isolated CGs as being fundamentally different. In this sec- 
tion we discuss the qualitative comparison of two relatively 
simple characterisations of the galaxy population: the frac- 
tion of galaxies on the red sequence and the fraction of disk- 
dominated (late-type) galaxies. As before, to provide a con- 



sistent comparison across redshift and environment we adopt 
a volume-limited tracer population for our calculations; how- 
ever, in this instance we adopt a single volume-limited sam- 
ple chosen to maximise both the number of galaxies and 
their magnitude range. Our adopted sample is defined by 
0.056 < z < 0.117 and -22.7 < M r < -20.9. 



4.1 Colour distribution 

There is a strong relationship between galaxy colour and en- 
vironment such that the fraction of red galaxies in a given 



population is correlated with local galaxy density (Balogh 
|et al.|2004 Baldry et al.|2006[ ), in good agreement with ob- 
servations that red galaxies are, in general, more strongly 



clustered than their blue counterparts (e.g. Skibba et al 
2009). In addition to large-scale correlations, galaxy colour 



has also proven to be a strong probe of galaxy interactions. 
Studies of galaxy pairs have shown that the presence of a 
nearby companion can often be associated with triggered 



central star formation, resulting in bluer colours (Ellison 



et al. 2010 Patton et al. 20111. Given that the median 



nearest-neighbour separation in our CG sample is of or- 
der the separation where interaction-induced effects are ob- 
served to become significant (~50 kpc; Patton et al.|20lT |, 
it is interesting to ask if either global or local effects are 
apparent in the colours of our sample galaxies. 

We use a fixed rest-frame colour cut of (g — r) > 0.65 - 
chosen based on the bimodal distribution of g — r colours 
- to select red galaxies in radial bins of group-centric dis- 
tance, and include only those galaxies with disk axis ratios 
b/a > 0.5 to limit the influence of edge on disks on galaxy 
colours. The resulting relationship between red fraction and 
radius is shown in Figure [7] There is a clear trend for red 
fraction to decrease as a function of radius from the group 
centre in all environments (isolated or embedded CGs and 
rich groups). The observed red-sequence fraction in embed- 
ded CGs is consistent with that observed for rich groups at 
all radii and supports our previous conclusion, i.e. that these 
CGs are embedded within extended, rich systems. The radial 
trend of isolated CGs on the other hand, while exhibiting a 
central red fraction consistent with rich groups (and em- 
bedded CGs), shows tentative evidence for a decline outside 
of the CG core; by 500-600 kpc from the group centre the 
observed red fraction is consistent with the field value. 

Although noisy, the observed red-fraction trends follow 
our expectations drawn from previous studies of colour and 
environment. Outside of ~200 kpc the red fractions of iso- 
lated and embedded CGs diverge in accordance with the 
galaxy surface densities shown in Figure [6] Similarly, red 
fractions measured in the cores of isolated and embedded 
systems are comparable (within errors), consistent with ob- 
servations showing that galaxy colour is strongly correlated 
with local environment, and depends only weakly on the 
large-scale density field (e.g. |Blanton &: Berlind|2 007 ) . Fur- 
ther support for this local environment picture can be gained 
from a combined comparison of galaxy number density and 
red fraction. We showed in Figure [6] that the median galaxy 
surface density outside of embedded CG cores can be repro- 
duced based solely on their spatial distribution relative to 
the centres of rich groups; this is not the case with red frac- 
tion, which is systematically higher than expected if it were 
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Figure 7. Galaxy red fraction as a function of projected separa- 
tion from group or CG centre. Red fractions are computed using 
a colour cut of (g — r) > 0.65 as described in Section |4.1| and 
include only galaxies with disk axis ratios b/a > 0.5 to limit the 
influence of reddening by cdgc-on, dusty disks. Lines and shading 
are the same as in Figure [6] Error bars are computed following a 
binomial distribution and data are divided such that there are 2 
bins per decade in projected separation. 



governed only by the surrounding, large-scale environment 
(shown as the grey shaded region in Figure [7]). 



4.2 Morphological distribution 

In addition to colour, there is a well known relationship be- 
tween galaxy morphology and environment such that the 
fraction of early-type galaxies increases with increasing lo- 
cal galaxy density (e.g. van der Wel||2008 l, or alternatively 
decreasing cluster-centric distance (Dressier 1980 Postman 
fc Geller|1984 1. As with colour, the comparable central den- 
sities and disparate global environments of our isolated and 
embedded CG samples provide an interesting laboratory to 
gauge the dependence of morphology on galaxy interactions. 

We choose here to characterise morphological distribu- 
tions based on the fraction of disk-dominated (late-type) 
galaxies, selected using a cut in r-band bulge-to-total lumi- 
nosity fraction (B/T) of 30 per cent (i.e. B/TV < 0.3). The 
reasons for this selection are two-fold. First, the selection 
of disk-dominated galaxies based solely on their quantita- 
tive B/T is relatively robust ( Allen et al.|200 6 Cheng et al 
2011), minimising the additional cuts necessary to identify 



a 'clean' morphological tracer from the Simard et al. (2011 1 



catalogue. Second, we expect disks to be heavily affected by 
their environments. Both the truncation of star formation 
in, and tidal disruption of, a galaxy's disk component will 
lead to rapid evolution toward higher values of B/T, making 
the fraction of disk light in disk-dominated systems a sen- 
sitive probe of such interactions. As in Figure [7] we remove 
galaxies with disk b/a < 0.5 to limit the attenuation of bulge 
flux by dusty, edge on disks. 

In Figure [8] we plot the late-type galaxy fraction as a 
function of radius in each of our environment samples. In all 
samples we observe an apparent morphology density relation 
such that the fraction of late-type, disk-dominated galaxies 
decreases as a function of decreasing group-centric radius. 
The average fraction of disk-dominated galaxies around iso- 
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Figure 8. Fraction of disk-dominated galaxies as a function of 
projected separation from group or CG centre. Only galaxies with 
disk axis ratios b/a > 0.5 are included to limit the attenuation of 
bulge flux by dusty, edgc-on disks. Lines and shading are the same 
as previous figures. Error bars are computed following a binomial 
distribution and data are divided such that there are 2 bins per 
decade in projected separation. 



lated compact groups appears to increase steeply outside 
of the CG core, mirroring the red fraction trend shown in 
Figure [7| In contrast, both embedded CGs and rich groups 
follow a shallower increase in late-type fraction outside of 
200 kpc, commensurate with their comparatively shallow red 
fraction and number-density radial relations. Finally, inside 
~200 kpc all systems - that is, isolated and embedded com- 
pact groups, as well as rich groups - host a similar fraction 
of late-type galaxies despite probing a broad range of both 
global and local environments. 



5 RELATIVE PROPERTIES OF ISOLATED 
AND EMBEDDED CGS 

We have so far considered the general properties of galaxies 
in the volume around CGs without explicitly examining the 
characteristics of CGs themselves; it is to this comparison 
that we now turn. A detailed comparison of CG galaxies 
with other galaxies in other environments is the focus of a 
future paper, so here we restrict ourselves to a broad-brush 
comparison of isolated and embedded CG properties. 



5.1 Group size and surface brightness 

The separation of isolated and embedded CGs based on their 
relationship to large-scale structure says nothing about the 
physical properties of the groups themselves; it is therefore 
interesting to ask if this distinction can be made given the 
set of parameters that define a compact group, e.g. isolation 
or surface brightness. 

We show in Figure[9]the distributions of group physical 
size, ro; group surface brightness, /xg; and relative isolation, 
Qn/Qg- Isolated and embedded compact groups are shown 
as solid (red) and dashed (black) histograms, respectively. In 
terms of physical extent, the median size of embedded CGs 
is ~10 kpc smaller than that of isolated groups (80 versus 
90 kpc). While there is no clear division between the size 
distributions of isolated and embedded CGs, a two-sample 
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Figure 9. Distribution of CG physical size (left panel), surface brightness (middle panel) and relative isolation (right panel). Distributions 
for isolated and embedded CGs are shown as solid (red) and dashed (black) histograms, respectively. 



Kolmogorov-Smirnov (KS) shows that the two are unlikely 
to be drawn from the same parent sample at just under 3cr 
significance (~0.5 per cent). The systematic offset between 
CG sizes is also reflected in their distributions of surface 
brightness; embedded CGs have on average higher surface 
brightness, as expected given that fiG oc 0q 2 . The compari- 
son of surface brightnesses - and, by extension, sizes - also 
suggests that the selecting CGs using cuts in surface bright- 
ness (e.g. Iovino et al.||2003 Lee et al. 20041 may bias the 



resulting sample towards predominantly embedded CGs. 

From our comparisons with large-scale structure, we 
know that isolated CGs are distinct from rich groups in 
terms of their global distribution; the comparison of relative 
isolation in Figure [9] shows that isolated CGs are also more 
isolated from other galaxies. In our sample of SDSS groups, 
the split between isolated and embedded CGs is roughly 
equal. Based on the distribution of relative isolations, we 
could bias our sample towards isolated CGs using a more 
strict isolation criteria in our initial group selection. If we 
alter criterion (ii) in Section 2.2 to On > 4#g, we remove 



~50 per cent of embedded CGs (albeit at the expense of 30 
per cent of our isolated CG sample). 



5.2 Space density 

Although a direct comparison of CG space density mea- 
sured from different surveys is difficult, we can nevertheless 
carry out a qualitative comparison using simple, back-of-the 
envelope estimates for their frequency following [Lee et aL] 
(2004 their equation 1). Using our full 1089 CG sample and 
a median redshift z = 0.1, we compute a CG space den- 
sity of 8.9 x 10 -6 hj Mpc -3 ; if we restrict ourselves to CGs 
in the contiguous SDSS Northern Galactic Cap, we find a 
slightly higher density of 9.9 x 10 -6 hj Mpc -3 . In their sam- 



ple of compact groups selected using the Hickson ( 1982 1 cri- 
teria, 



Mendes de Oliveira 



Hickson ( 1991 1 estimate the 
space density of HCGs to be 1.4x10 h? Mpc -3 using 



simulations; Barton et al. ( 1996 1 find a similar space 



density for their spectroscopically-selected CG sample of 
1.3xl0 -5 h 70 Mpc -3 . Combined, these disparate samples 
suggest a relatively redshift-independent space density of 
HCGs of ~lxl0 -5 h 70 Mpc" 3 (the median redshifts of the 
|Mendes de Oliv eira & Hickson and Bart on et al.| samples are 
0.030 and 0.014, respectively). 



Lee et al. ( 2004 I adopt a more restrictive version of the 
Hickson selection criteria, requiring hg < 24 mag arcsec -2 , 
and find the space density of their SDSS CGs to be 
3.9xl0 -5 h 70 Mpc -3 , considerably higher than the den- 
sity estimates for HCGs (using less restrictive criteria). As 
discussed in Paper III, |Lee et aL] use data from the SDSS 
Early Data Release (EDR), itself based on a different set 
of deblending algorithms and photometric calibrations than 
later data releases; a direct comparison between our CGs 
and those found by |Lee et aL] is therefore difficult. If we 
consider only the 79 CGs from the EDR that can be iden- 
tified in the SDSS DR6 (see Paper III), we find a density 
of 1.8xl0 -5 h T0 Mpc" 3 , in good agreement with the values 
quoted above. 

In comparison to the 



Iovino et al. ( 2003 1 and 



Hickson ( 1982 I selection criteria, 



de Carvalho et al. 



(2005| adopt 

both a more restrictive surface brightness limit - similar 
to Lee et al. (20041 - as well as tighter magnitude con- 
straint of Amag < 2 to limit the influence of projected 
systems on their group catalogues. Adopting a median red- 
shift of 2 = 0.1 for the 84 CGs of |Iovino et al.| we esti- 
mate their space density to be 2.8xl0 -fc ' h ro Mpc -3 , com- 
parable to the estimate o btained for the 459 CG sample of 
(|2005|> of 2.9xl0 -6 tir Mpc" 3 (adopting 



de Carvalho et al. 



z = 0.12). Adopting a surface brightness cut for our sample 
such that fiG < 24 mag arcsec -2 results in a space density of 
~2xl0 -6 h 70 Mpc -3 , in reasonably good agreement (within 
the uncertainty due to remaining contamination) with re- 



sults from the Iovino et al. ( 2003 1 and de Carvalho et al 



(2005) samples, suggesting that the factor of 10 lower space 



density estimated from these samples relative to HCGs are 
consistent with their more restrictive selection criteria. 



5.3 Galaxy properties 

We have shown that our division of CGs into isolated 
and embedded is based primarily on environment outside 
the group core, whereas the comparison of galaxy number- 
density in Figure [6] suggests that inside the core, CG envi- 
ronments are relatively similar. All other things being equal, 
we may therefore expect that any differences in the proper- 
ties of isolated versus embedded CG galaxies are driven by 
their large-scale environments. 

In FigurefTolwe show the fraction of groups with a given 
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number of blue galaxies (left panel; where blue is denned as 
g — r < 0.65) or disk-dominated galaxies (right panel) for 
both embedded and isolated groups (black and red lines, re- 
spectively). We see a clear distinction between isolated and 
embedded CGs in the colours of their constituent galaxies; 
~48 per cent of embedded groups contain no galaxies that 
we would consider as blue, while this is true for only ~30 per 
cent of isolated groups. Isolated CGs, in general, contain a 
higher number of blue galaxies per group such that the ag- 
gregate isolated CG sample has a blue fraction ~10 per cent 
higher than the embedded CG sample. Neither sample con- 
tains a significant fraction of groups that we might consider 
to be blue dominated, e.g. three or more blue members; such 
'blue' systems constitute ~20 per cent of isolated CGs, and 
only ~10 per cent of embedded CGs. 

Turning to morphology, few embedded or isolated CGs 
(~10 per cent) contain more than one disk-dominated 
galaxy. It is important to note that we have excluded galax- 
ies with disk inclinations less than 60° (b/a < 0.5) to avoid 
the effects of edge-on, dusty disks, and therefore the com- 
parison in Figure [10] represents a lower limit on the true 
number of disk-dominated galaxies per group. This caveat 
notwithstanding, the fraction of groups with 2 or more disk- 
dominated galaxies is consistent between isolated and em- 
bedded systems and suggests that, at the very least, any 
morphological distinction between these systems comes in 
galaxies with higher bulge fractions. 

5.3.1 Effects of residual contamination 

In analysing the properties of individual CG galaxies, e.g. 
Figure |10| we must bear in mind that some portion of our 
cleaned CG sample is made up of projected systems. In Sec- 
tion [2^2T] we estimate that our interloper removal scheme 
reduces the contamination from chance projections by 30 to 
35 per cent; however, we must account for the fact that as 
much as 40 per cent contamination may remain. It is impor- 
tant to note that the majority of our results up to this point 
are relatively robust to remaining contamination due to our 
use of independently-constructed, volume-limited samples. 
In this framework, contamination enters our results through 
the inclusion of spurious group positions but not individual 
galaxies, and therefore cannot induce the radial trends ob- 
served in Figures [6j [7] and [8] (although it can weaken them) . 
Unfortunately, the same cannot be said for individual CG 
galaxies and their properties, the distributions of which are 
directly affected by inclusion of contaminating foreground or 
background galaxies. 

We assess the influence of remaining contamination us- 
ing samples constructed using a variety of pairwise redshift 



likelihood cuts (see Section 2.2.1 1 with increasingly stringent 



tolerance. In Figure[TT]we show how the number of blue and 
disk-dominated galaxies varies for increasingly "clean" sam- 
ples. Based on these comparisons, we anticipate that resid- 
ual contamination has only a small effect on our comparison 
of galaxy properties; even for our most stringent likelihood 
limit of C > 0.05 the fraction of groups in any given bin 
changes by at most 5 per cent despite an estimated reduc- 
tion in contamination of 10 to 15 per cent over our baseline 
cleaned sample (c.f. Figure [T]). We therefore judge that the 
remaining contamination in our sample has a minimal effect 
on the inferred properties of CG galaxies. 



6 SUMMARY 

Compact groups offer a unique environment in which to 
study the influence of dynamical interactions on the galaxy 
population. In this paper we use a large, homogeneously- 
selected sample of CGs from the SDSS DR7 to explore the 
properties of compact galaxy associations in a large-volume 
survey. 

We have demonstrated that compact groups selected 



following the criteria of Hickson ( 1982 I are divided in their 



association with large-scale structure; roughly half of CGs 
can be associated with relatively rich structure, while the 
remaining half are likely to be either independent structures 
in the field or associated with comparably poor groups. The 
physical reality of this distinction is confirmed by an exam- 
ination of galaxy number-density profiles, where embedded 
CGs are found in environments with a factor of 3 to 4 higher 
galaxy surface density outside ~200 kpc than their isolated 
counterparts (Figure [6j. Further support for the distinction 
between CG host environments can be garnered from their 
surrounding galaxy populations; the observed decline in red- 
sequence fraction (Figure [7J with increasing radius - or al- 
ternatively the increase in late-type galaxy fraction (Figure 
[8| - supports this view, and suggests that isolated CGs are 
found primarily in field-like environments. 

Despite their disparate host environments, the distinc- 
tion between the galaxy populations of isolated and embed- 
ded CGs appears to be relatively small. We have shown in 
Section [5] that isolated groups host a 10 per cent larger blue 
galaxy population relative to embedded groups, and Fig- 
ure [lO] shows that this is driven by a global increase in the 
fraction of blue galaxies hosted per group (rather than a 
few groups with a 100 per cent blue fraction). However, the 
overall fraction of blue galaxies is still relatively low - ~40 
per cent - even among isolated CGs, suggesting that the 
high central densities in common between isolated and em- 
bedded CGs play a significant role in driving the evolution 
of their constituent galaxies. A similar view is gained from 
consideration of galaxy morphology where, despite hosting a 
10 per cent larger disk-dominated galaxy population relative 
to embedded CGs, the late-type fraction of isolated CGs is 
still less than ~30 per cent, consistent with previous studies 
(e.g. [Hickson 1997] and references therein). 

The division between isolated and embedded CGs pro- 
vides a framework within which to understand the forma- 
tion and evolution of compact groups. In particular, given 
the clear association of a significant fraction of the CG pop- 
ulation with rich hosts, CGs may hold additional informa- 
tion regarding the processing of galaxies in massive haloes. 
It remains the goal of future papers in this series to fully 
characterise the CG environment and its galaxy population. 
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Figure 10. Fraction of compact groups hosting a given number of blue galaxies (left) or disk-dominated galaxies (right). In both panels 
embedded and isolated CGs are shown by dashed (black) and solid (red) histograms, respectively. Poisson error bars are shown. 
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histograms. Poisson error bars are shown. 
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APPENDIX A: CLEANED CG CATALOGUES 



Tables [AT] and |A2| list the properties of compact groups ini- 
tially presented in Paper III and subsequently 'cleaned' fol- 
lowing the interloper rejection procedure described in Sec- 
tion |2.2.l) Only groups that pass the cleaning procedure are 
included. We only show group information for the first 20 
CGs (Table [Al| and galaxy information for the first 5 groups 
(Table [A2| ; full tables are available online. 

Table |A1| lists the properties for each group, with 
columns as follows: 

Column 1 - Group ID in the CG catalogue of |Mc-| 



Connachie et al. ( 2009 1 



Columns 2, 3, 4 - Right Ascension (J2000) of the 
geometric group centre. 

Columns 5, 6, 7 - Declination ( J2000) of the geometric 
group centre. 

Column 8 - Estimated redshift of the group, deter- 
mined from the joint probability of group member redshifts. 

Column 9 ~ Estimated uncertainty on the group 
redshift, determined from the lcr width of the joint redshift 
probability. 

Column 10 - Number of group members in the original 



McConnachie et al. ( 2009 1 photometric group catalogue 
(i.e. prior to cleaning). 

Column 11 - Number of remaining group members 
after application of the cleaning algorithm described in 
Section 12370 

Column 12 - Dis tance to the nearest rich group in 
the Tago et al. (20101 catalo gue in h"rQ Mpc, estimated 



following the description in Section [3TT 



Table |A2| lists the properties for each galaxy, with 
columns as follows: 

Column 1 - Galaxy ID in the group catalogue of 



McConnachie et al. (20091. Formatting is groupID. galaxy, 
where groupID corresponds to the Group ID in Table |A1 
and galaxy has a value i = 1 , . . . , tcmo9 , corresponding to the 
galaxies number within the group. 

Column 2 - Galaxy object ID within the SDSS. 

Columns 3, 4, 5 - Right Ascension (J2000) of the 
galaxy. 

Columns 6, 7, 8 - Declination (J2000) of the galaxy. 

Columns 9, 10 - Spectroscopic redshift and its corre- 
sponding uncertainty, when available. 

Columns 11, 12 - Photometric redshift and its corre- 
sponding uncertainty. Photometric redshifts from the SDSS 
Photoz table are given. 
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Table Al. Compact groups that pass the interloper removal procedure described in Section |2.2.1| Only the first 20 groups are shown; 
the full table contains 1086 rows. See Appendix [X] for a description of each column. 
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Table A2. Individual member galaxies of the groups in Table [AT] Only information for the first 5 groups is shown; the full table contains 
4566 rows. See Appendix [A] for a description of each column. 
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